Introduction
Gastroschisis is characterized by the herniation of small bowel and other abdominal contents without a covering membrane through a full-thickness abdominal wall defect. Gastroschisis has been estimated to occur in 0.5-1 per 10,000 births [1] . Recent studies suggest that the prevalence of gastroschisis is rising, with new estimates as high as 5.1 per 10,000 [2] . Overall survival in cases of gastroschisis is very favorable, ranging from 91-97% [3, 4] . However, survival rates and long-term morbidity are strongly influenced by the presence of bowel pathology at birth. In contrast to uncomplicated cases of gastroschisis, neonates with bowel pathology, such as atresia, infarction, perforation, or volvulus, have a mortality rate up to 28% [1] . Their postnatal courses may be complicated by prolonged neonatal intensive care unit (NICU) admission, long-term requirement of parenteral-nutrition, mul-
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This study was designed to examine whether prenatal identification of bowel dilation was predictive of postnatal bowel pathology and poor neonatal outcomes in a large cohort of fetuses diagnosed with gastroschisis. It also compared features and complications among term neonates with gastroschisis versus their preterm counterparts.
Materials and Methods
A retrospective review was conducted on all cases of gastroschisis who were evaluated prenatally at the Center for Advanced Maternal Fetal Care (CAMFC) between September 2007 and June 2010. Such cases were identified using the CAMFC fetal anomaly database. The study population included those maternal-fetus pairs with a prenatal diagnosis of gastroschisis, with at least one prenatal ultrasound examination and neonatal care at Vanderbilt University Medical Center (VUMC). Cases with incomplete data or incorrect diagnoses were excluded. Approval was obtained from the institutional review board at VUMC.
Maternal charts were reviewed for maternal age, parity, race, BMI, medications, substance abuse, and antenatal complications. Antenatal complications included bleeding, hypertension, preterm premature rupture of membranes, and infection. Maternal ultrasound reports were reviewed for presence and degree of fetal gastric dilation, intra-abdominal bowel dilation, and extra-abdominal bowel dilation, as well as for presence of oligohydramnios, associated fetal anomalies, and severe intrauterine growth restriction (defined as less than the 3rd percentile). Bowel luminal diameter greater than 10 mm, measured from inner border to inner border, was considered to represent dilation. Prior research in this area has included a wide range of definitions of bowel dilation. Ten millimeters was selected for this analysis as it is an objective value similar to those found to be meaningful in previous research [5, 6] .
Maternal and neonatal charts were reviewed for delivery characteristics including gestational age at time of delivery, mode of delivery, spontaneous versus induced labor, birth weight, and Apgar scores. (At our institution, patients were followed with twice weekly antepartum fetal testing until spontaneous labor, or scheduled induction at 39 weeks). Neonatal charts were also reviewed for length of NICU admission, number of days of total parenteral nutrition, number of days on mechanical ventilation, number of surgeries, types of surgeries, postnatal intestinal findings, and nursery complications. Postnatal intestinal findings included bowel atresia, malrotation, microcolon, ischemia, bowel resection, and perforation. Nursery complications included sepsis, necrotizing enterocolitis, SBS, requirement of long-term total parenteral nutrition, and neonatal death. The data was reviewed for consistency among data collection sheets and the electronic database prior to final tabulation of results.
Maternal-fetus pairs were grouped according to the presence or absence of bowel dilation on prenatal ultrasound. The neonates were grouped according to preterm or term delivery. Categorical data were compared with a 2 test. Means and SD were reported and compared using Student's t test; p ! 0.05 was considered statistically significant. Linear regression with robust standard errors was used to estimate the association between days in the NICU and the presence of any bowel dilation.
Results
A study flow diagram is shown in figure 1 . A total of 103 maternal-fetus pairs were identified with prenatal gastroschisis and evaluated at our center. After exclu- sions, 89 maternal-fetus pairs met inclusion criteria and remained in the study. Table 1 details maternal demographics and characteristics. Median maternal age was 19 years. Fifty-three percent of the women were primiparous. Race and BMI results are presented. Thirty-eight mothers (44%) self-reported tobacco use during the index pregnancy. There were no cases resulting in intrauterine fetal demise or termination of pregnancy. Table 2 presents neonatal outcomes associated with the antenatal ultrasound finding of bowel dilation. Fortyeight fetuses (54%) had ultrasound-documented bowel dilation (intra-, extra-, or both), and 41 (46%) did not. Average gestational age at delivery and mean birth weight did not differ for the two fetal groups. Similarly, the number of postnatal surgeries did not differ with respect to ultrasound finding of bowel dilation. There was no association between the presence of bowel dilation and days in the NICU (OR: 1.37, 0.57-3.29).
Nineteen of 89 neonates (21%) had intestinal complications including bowel atresia, malrotation, microcolon, ischemia, bowel resection, short bowel syndrome, and perforation. Of these, only 10 (53%) had prior identification of bowel dilation on prenatal ultrasound. The positive predictive value of ultrasound identification of bowel dilation for complicated gastroschisis was 21%.
The postnatal courses of 7 neonates were complicated by SBS. Of the 7 cases, 5 had prenatally identified external bowel dilation. The range of external bowel dilation was 14-26 mm. Three neonates with SBS had prenatally identified internal bowel dilation. The range of internal bowel dilation was 15-21 mm. (One neonate with SBS had both intra-and extra-abdominal bowel dilation). Table 3 presents neonatal outcomes according to gestational age at delivery. Fifty-six percent of fetuses underwent spontaneous or induced preterm delivery, and 44% were delivered at term gestation (defined as gestational age greater than 37 weeks). When comparing the difference in mean birth weight for the two groups (preterm delivery vs. term delivery), the difference between the two groups met statistical significance, 2,114 g (SD = 507) for the preterm delivered cohort and 2,659 g (SD = 687) for the term delivered cohort, respectively (p = 0.001).
For infants delivered preterm, the mean number of postnatal abdominal surgeries was 2.1 (SD = 1.1) as compared to 1.3 (SD = 0.5) surgical procedures for those infants delivered at term gestation. With respect to hospital 
D ata are presented as n (%). stay for each group, the mean length of NICU admission was 48 days (SD = 33) in the preterm group and 35 days (SD = 50) in the term group. Neither of these differences met statistical significance. There was one neonatal death, attributed to sepsis, at 114 days of life. The neonate had a giant gastroschisis with herniation of the liver, managed with attempted staged repair using a silo followed by cadaveric skin graft cover. Her course was complicated by a cutaneous fistula at the base of the gastroschisis, which led to recurrent bleeding which was managed with wound dressings and octreotide infusion. Prenatal ultrasound findings had included both internal and external bowel dilation, ranging 10-20 mm.
Discussion
Our study sought to evaluate the utility of prenatal ultrasound findings for prediction of neonatal adverse outcome. Additionally, we compared neonatal outcomes of pregnancies complicated by gastroschisis and preterm delivery.
Significant neonatal morbidity is associated with gastroschisis, and prenatal diagnostic findings which would predict those fetuses with the greatest risk have been the subject of numerous reports. There have been conflicting findings with respect to the prognostic ability of these prenatal ultrasound findings to guide the obstetrician and pediatric specialist with respect to timing of delivery and prediction of neonatal morbidity and mortality.
Advances in ultrasound have increased the capability for prenatal diagnosis and surveillance of gastroschisis. At present, approximately 90-98% of cases of gastroschisis are identified prenatally [1, 9] . However, some question has been raised whether improvement in prenatal diagnosis of gastroschisis has resulted in improved neonatal outcomes. The ability to affect neonatal outcomes is compromised by the lack of widespread agreement regarding which ultrasound findings are predictive of postnatal bowel pathology, and, in turn, complicated neonatal courses. The presence of bowel dilation as a prognostic factor has been investigated in several studies; however, a consensus has not yet emerged from such work [1, 3, [10] [11] [12] [13] . The absence of strong prognostic factors limits the ability of obstetricians to identify fetuses at risk of complicated neonatal courses, appropriately counsel families, and notify neonatal and pediatric surgical teams accordingly. Additionally, one pitfall of using bowel dilation as an indication for delivery in neonates without pathology is iatrogenic preterm delivery. Preterm neonates with gastroschisis have been reported to have a higher rate of sepsis, longer duration to reach full enteral feedings, and longer hospitalizations than their term counterparts [14] . Commonly cited limitations of the presently available studies addressing ultrasonographic prognostic factors are limited sample size as well as variation in the definition of bowel dilation.
Bowel dilation was not predictive of adverse neonatal outcome in our study cohort. No significant difference was noted with respect to gestational age at delivery, birth weight at delivery, length of NICU stay, or the number of abdominal surgeries required for either abdominal wall closure or for treatment of secondary neonatal complications. Primary closure of the abdominal wall defect was equally likely irrespective of the prenatal ultrasound finding of bowel dilation. Prenatal ultrasound findings were not predictive of postnatal gastrointestinal tract complications.
Our results are in accordance with the findings of Badillo et al. [12] . His group reported no significant differences between neonates with additional prenatal gastrointestinal abnormalities and neonates with no additional GI abnormalities on prenatal ultrasound with regard to development of complex gastroschisis, gestational age at delivery, or birth weight. However, our results conflict with those of Long et al. [15] , who reported a higher death rate as well as a longer period on parenteral nutrition in neonates with prenatally identified bowel dilation. This may be attributable to different definitions of bowel dilation. In our study, 10 mm was used as a cutoff, whereas the Long group used 25 mm. However, it should be noted that, similar to our study, they did not identify a significant difference in the incidence of intestinal atresia or the number of infants requiring surgery for intestinal failure.
Intestinal bowel wall changes consistent with an increased degree of inflammation have been identified histologically in both human studies and in experimental animal models [16] [17] [18] . These inflammatory changes may be mediated by exposure to amniotic fluid constituents. Elective preterm delivery has been proposed as a means of minimizing the harmful exposure of the gastrointestinal tract to the inflammatory effects of amniotic fluid.
In contrast to the work of Moir et al. [19] who reported improved neonatal outcomes with a trial of elective preterm delivery, our data did not substantiate any benefit for the neonates delivered preterm (less than 37 weeks' gestation).
Postoperative return of bowel function as measured by length of days of total parenteral nutrition use was not significantly different for the neonates delivered preterm or at term gestation. The mean number of surgeries and length of stay in the NICU was greater in the preterm group, though this finding was not statistically significant.
Published series report an increased rate of stillbirth associated with gastroschisis [21, 22] . Controlling the risk for intrauterine fetal demise associated with gastroschisis has been a reported rationale in support of elective preterm delivery. Of note, there were no stillbirths in our study cohort of 89 consecutive deliveries. Our protocol for antenatal fetal surveillance of all pregnancies at risk for stillbirth, including those complicated by gastroschisis, entails twice weekly evaluation by alternating nonstress testing and biophysical profile beginning at 32 weeks' gestation. Delivery is recommended regardless of gestational age for nonreassuring fetal status. Whenever feasible, a course of antenatal corticosteroids is administered to fetuses with concern for indicated delivery prior to 34 weeks' gestation. There is a policy of scheduled induction at 39 weeks' gestation for pregnancies affected by gastroschisis.
While this study is limited by its retrospective design, our cohort of 89 mother-infant pairs is the largest number of consecutive cases of gastroschisis in a contemporary series at a single tertiary care center. Over the 32 months of this study interval, there was a uniform treatment plan for prenatal care, ultrasound follow-up, and, postnatally, continuity of both neonatal and pediatric surgical care providers.
We conclude that the antenatal ultrasound finding of bowel dilation is not predictive of neonatal intestinal complications. Furthermore, preterm delivery did not improve neonatal outcomes.
